Performance records on 4 1,184 Red Angus cattle were analyzed and estimates of parameters calculated for absolute growth rate, relative growth rate and restricted selection indices. index and postweaning index, respectively. The genetic correlation between preweaning and postweaning absolute growth rate was .15. The genetic correlation between consecutive measurements of relative growth rate (RGR) was -.33. Genetic correlations of birth weight with preweaning RGR and postnatal RGR were -.a and -.71, respectively. Correlations among measures of relative growth rate using simulated data were similar to correlations of actual data, indicating that these relationships are the result of numerator/denominator relationships and not biological causes. The genetic correlation between weaning and postweaning indices was near zero. Small genetic coefficients of variation for preweaning and postnatal relative growth rates indicate further problems with the expression of growth in this manner. Restricted selection indices exhibited much larger genetic coefficients of variation than measurements of RGR. Genetic standard deviations were 7.8%, 7.2% and 13.7% of the means for weaning, yearling and postweaning indices, respectively.
Introduction
The possibility of altering the shape of the growth curve though selection has long been debated. Fitzhugh and Taylor (1971) described proportional growth as a strategy for changing the shape of the growth curve. This generally is termed relative growth rate (RGR) and is an expression of percentage gain per day. and although coefficients of genetic variation indicate that the magnitude of possible genetic change may be low. Cunningham et al. (1970) suggested methodology for formulation of restrictcd selection indices. These indices allow for selection for one trait while restricting change in a correlated trait. An index restrictingchange in birth weight or mature weight to zero may be another way to genetically alter the growth curve. Analysis of both relative growth rate and restricted indices should provide insight into the feasibility of increasing growth rate without increasing birth weight and possibly mature weight.
Objectives of this study were to estimate genetic, environmental and phenotypic parameters for absolute growth rate, relative growth rate and three restricted selection indices in Red Angus cattle.
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Materlals and Methods
Performance data on 4 1,184 animals provided by the Red Angus Association of America were analyzed. Three categories of traits were evaluated for genetic, environmental and phenotypic parameters. Absolute growth traits included birth weight, 205-d weaning weight and 365-d weight adjusted in accordance with Beef Improvement Federation (198 1) recommendations. Postweaning gain was calculated by multiplying postweaning average daily gain by 160.
Relative growth rate (RGR) was calculated by the method of . Computationally, relative growth rate is the difference in natural logarithms of beginning and ending weights divided by the time between weights. This ratio then was multiplied by 1 6 to avoid scaling problems. Relative growth rate was cal- Astochastic simulator was utilized toevaluate the degree to which correlations involving measurements of relative growth rate may be determined by numerator/denominator relationships. Birth weight, preweaning gains and postweaning gains were generated independently and randomly from a normal distribution. A total of 41,184 animals were simulated, the same number as in the actual data set. Normal distributions from which each of the three traits were generated exhibited the Same mean and phenotypic standard deviation as the actual data. Generated values then were used in the calculation of 205-d wt (birth weight + preweaning gain) and 365-d weight (birth weight + preweaning gain + postweaning gain). Relative growth rates were calculated in the same manner as described previously for actual data. Phenotypic correlations were calculated from both actual and simulated data.
Restricted selection indices were calculated as described by Cunningham et al. (1970) . These indices were designed to facilitate selection for growth without correlated increases in birth weight. Three indices were calculated. Genetic variances and covariances were utilized in the calculation as follows:
where:
COV(sW,I) = Additive genetic covariance between the index and birth weight, a = Weighting factor for X, COV(SW,X) = Additive genetic covariance of birth weight with weaning weight, yearling weight or postweaning gain (X), b = Weighting factor for SW, VAR(BW) = Additive genetic variance of birth weight.
Calculation is simplified because genetic covariance between the index and birth weight is assumed to be 0 and 'a' is assumed to be 1. Data were analyzed by least squares procedures as described by Harvey (1979) . The model for all analyses included the fixed effects of contemporary group and the random effects of sire within contemporary group. The majority of the progeny were the result of natural service. Sires generally occurred within herd and spanned a limited number of contemporary groups. A nested model may result in a slight over-estimation of variance components because data are in part cross-classified. This potential bias is a necessary concession to existing analytical capabilities. Contemporary groups were defined on the basis of sex (bull, heifer, steer) , management procedures (weaning group) and percentage Red Angus by descent (less than 87% Red Angus, 87% Red Angus or more).
Variance components were estimated utilizing paternal half-sib analyses. The average relationship between half-sibs was assumed to be 25%. Maternal components were estimated for all preweaning growth measurements by similar sirematernal grandsire analyses.
Results
Means and standard deviations for all growth traits are listed in Table 1 . Means squares and Table 2 . Absolute Growth Measurements. Estimates of heritability and genetic, phenotypic and environmental correlations for absolute growth measurements are listed in Table 3 . Heritability estimates for birth weight, 205d weight, 365-d weight and postweaning gain were .46, .39, .40 and .36, respectively. Genetic correlations between all weights were positive and relatively high. The genetic relationship between 205-d weight and postweaning gain was positive yet fairly small (r = .18). Environmental and phenotypic correlations were similar to genetic correlations in direction and magnitude in most cases. Genetic coefficients of variation are presented in Table4. This ratio of genetic standard deviation to mean ranged from 5.2% for yearling weight to 9.0% for postweaning gain.
Relative Growth Rate. Estimates of heritability and genetic, phenotypic and environmental correlations are presented in Table 5 . All three measurements of RGR had identical degrees of genetic control. The heritability estimate for preweaning, postweaning and postnatal RGR was .33.
Genetic, environmental and phenotypic correlations between preweaning and postweaning RGR were -. ' G = genetic correlation, SE = standard error associated with genetic correlation or heritability estimate, P = phenotypic correlation and E = environmental correlation.
program was developed. Simulated birth weights, preweaning gains and postweaning gains were randomly generated from normal distributions exhibiting the same means and phenotypic standard deviations as the actual data. Phenotypic correlations involving relative growth measurements derived from actual and simulated data are listed in Table 6 . Correlations resulting from actual and simulated data were very similar in almost all cases, indicating that relationships involving relative growth traits are predetermined largely by the numerator/denominator relationship of the ratio and are not the result of biological causes. Although only phenotypic correlations are presented, genetic and environmental correlations would be expected to follow identical patterns.
Genetic coefficients of variation indicate the possible magnitude of change resulting from selection. Preweaning RGR and postnatal RGR displayed small degrees of genetic variation relative to the means. Coefficients of variation were 3.4% and 2.7% for preweaning RGR and postnatal RGR, respectively. As previously mentioned, 'Coefficients of variation expressed as percentage of the m a n . all measures of relative growth were negatively correlated with the beginning weight of the evaluation period. Postnatal and preweaning RGR displayed strong negative correlations with birth weight. Postweaning RGR exhibited a negative genetic association with weaning weight. When the relationship between postnatal RGR and birth weight was accounted for, the remaining genetic variation was minimal (1.9%). Thus, if birth weight is to be held constant, there is little opportupity for change through selection for preweaning or postnatal RGR. Restricted Selection Indices. Restricted selection indices were developed on the premise that birth weight is an adequate indicator of mature weight. If this assumption is true, these indices should indicate the potential for altering growth rate to a constant endpoint. Heritability estimates as well as genetic, phenotypic and environmental correlations are listed in Table 5 . Heritability estimates were .31, .33 and .31 for weaning index, yearling index and postweaning index, respectively. Genetic correlations of zero between these indices and birth weight demonstrate the effectiveness of this procedure in eliminating the covariances. The genetic correlation between weaning index and postweaning index was essentially zero, indicating genetic independence between consecutive measurements of growth. Genetic coefficients of variation for weaning, 
Discussion
Moderate heritability estimates and coefficients of genetic variation for absolute growth traits agreed generally with literature values (Woldehawarait et al., 1977) . Absolute growth traits can be thought of as a composite of growth dependent on mature weight and growth independent of mature weight (Brown et a] ., 1972). Although RGR has been used occasionally to express flexibility of the growth curve , results indicate that relative growth measurements expressed as a ratio do not necessarily reflect biological phenomena. The method of calculation appears to cause two results. First, expression of gain relative to weight in this manner results in a small amount of variation. The excep tion appears to be postweaning RGR, possibly because of compensatory growth. Second, correlations are determined by mathematical relationships between traits in the numerator and denominator of the ratio and not biological causes. This was demonstrated clearly by simulation. Utilization of traits expressed as ratios has been questioned in the past (Dinkel et al.,1965) . Results reported herein support those findings.
Utilizing restricted selection indices as a means of selection for growth with no expected change in mature size requires an accurate indicator of mature weight. These results indicate that a large amount of genetic variation exists for growth independent of birth weight. Although birth weight and mature weight are not correlated perfectly, there are indications of a strong relationship. Brinks et al. (1964) estimated that the genetic correlation between birth weight and mature weight was .68 in Hereford females. DeNise (1982) also reported a suong positive genetic relationship between birth weight and mature weight. Measuring growth independent of birth weight, however, provides a potential mechanism for increasing growth rate without correlated increases in birth weight and possible associated increases in dystocia.
Implications
Major problems from selection on the basis of growth rate are correlated increases in birth weight and mature weight. These results indicate that growth rate can be readily increased without subsequent increases in birth weight. This maybe accomplished by the development of "new" traits that are actually measures of growth adjusted for the effects of birth weight. Another proposed means of allowing selection for growth without increasing birth weights or mature weights was evaluated. This method involves measurement of proportional growth (growth relative to accumulated weight). This is referred to as "relative growth rate." These results indicate that relative growth rate, as described in the literature, is a biased and ineffective measure of growth.
